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DESCRIPTION 

HYDROGEN GENERATOR AND FUEL CELL SYSTEM COMPRISING 

HYDROGEN GENERATOR 

Technical Field 

[000 1] The present invention relates to a hydrogen generator and a fuel cell 
system comprising the hydrogen generator. More particularly, the present 
invention relates to a hydrogen generator constructed in such a manner that a 
reforming catalyst body and a water evaporator are arranged in their axial 
direction with a center axis of the water evaporator conforming to a center 
axis of the reforming catalyst body, and a fuel cell system comprising the 
hydrogen generator. 
Background Art 

[0002] Fuel cell systems are configured to cause a hydrogen-rich gas 
(reformed gas) supplied to an anode of a fuel cell and an oxidizing gas supplied 
to a cathode of the fuel cell to electrochemically react with each other within 
the fuel cell, to thereby generate electric power and heat. 
[0003] Hydrogen generators are configured to generate the reformed gas 
through steam reforming reaction from a feed gas (e.g., natural gas or city 
gas) and steam, and to supply the reformed gas to the anode of the fuel cell. 
[0004] In the steam reforming reaction, it is necessary to receive heat for 
evaporating water or heat for causing reforming reaction to proceed, from a 
high-temperature combustion gas in a heating burner. For the purpose of 
efficient use of heat energy, it is essential that heat exchange be efficiently 
conducted between the water and the reforming catalyst body, and the 



combustion gas. 

[0005] In order to achieve the above-mentioned objective, for example, there 
has been disclosed a hydrogen generator (see patent document l) in which a 
water evaporator is disposed to surround a tubular reformer containing a 
reforming catalyst body therein in a circumferential direction thereof with a 
combustion gas passage interposed between the reformer and the water 
evaporator. In this hydrogen generator, the combustion gas passage and the 
reformer are surrounded by the water evaporator to reduce heat radiation 
amount of the high-temperature combustion gas flowing in the combustion 
gas passage and heat radiation amount of the reforming catalyst body kept at 
a high temperature, thereby improving heat efficiency in the hydrogen 
generator. 
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Disclosure of the Invention 

Problems to be Solved by the Invention 

[0006] However, in the above mentioned conventional hydrogen generator, a 
gas mixture passage may be intricate in structure, because a gas mixture 
containing the feed gas and the steam changes its direction from the axial 
direction of the water evaporator to the circumferential direction of the water 
evaporator while flowing from the water evaporator to the reformer. 
[0007] For example, since a gas mixture feed pipe connecting a gas mixture 
outlet of the water evaporator to a gas mixture inlet of the reformer extends 
radially, piping work such as welding is required at a joint portion at which 
the gas mixture feed pipe and the reformer extending axially are joined to 



each other. 

[0008] Such piping work of the gas mixture passage may increase a cost of 
the hydrogen generator and degrade durability of the hydrogen generator. 
To be specific, it may be assumed that, because of the presence of the welded 
portion, durability of the hydrogen generator with respect to a heat cycle of a 
DSS (Daily Start — up & Shut — down) operation which repeats start-up and 
shut-down operations is not sufficiently ensured. 

[0009] It is believed that an evaporation state of the steam in the water 
evaporator varies depending on an inner diameter of the water evaporator, 
and therefore is made uniform by decreasing the inner diameter. 
Nonetheless, in the conventional hydrogen generator in which the water 
evaporator is disposed at an outermost periphery to surround the reformer 
and the combustion gas passage, reduction of the inner diameter of the water 
evaporator is limited, making it difficult to make the evaporation state of the 
steam to uniform. 

[0010] The present invention has been made under the circumstances, and 
an object of the present invention is to provide a hydrogen generator that 
improves durability with respect to a heat cycle and reduces a cost by 
simplifying a structure of gas passages and that enables an evaporation state 
of steam to be made uniform, and a fuel cell system comprising the hydrogen 
generator. 

Means for Solving the Problems 

[0011] A hydrogen generator of the present invention comprises a first 
tubular wall element; a second tubular wall element disposed outside the first 



tubular wall element and coaxially with the first tubular wall element; a 
tubular water evaporator provided in a tubular space formed between the first 
and second tubular wall elements; a tubular reforming catalyst body provided 
in the tubular space, the water evaporator and the reforming catalyst body 
being arranged in an axial direction of the first and second tubular wall 
elements; a water inlet from which water is supplied to the water evaporator; 
and a feed gas inlet from which a feed gas is supplied to the water evaporator; 
wherein the hydrogen generator is configured to cause a gas mixture 
containing steam and the feed gas to flow from the water evaporator to the 
reforming catalyst body and to reform the gas mixture into a reformed gas 
containing hydrogen. 

[0012] By arranging the water evaporator and the reforming catalyst body in 
their axial direction, the gas mixture is able to flow smoothly axially in the 
interior of the water evaporator from the water evaporator toward the 
reforming catalyst body. In such a construction, since intricate gas passages 
formed by piping work such as welding are reduced, durability of the hydrogen 
generator with respect to a heat cycle of a DSS operation is improved, and a 
manufacturing cost is reduced by simplifying the gas passage. 
[0013] It is desirable to cause the reformed gas to flow from an axial end of 
the reforming catalyst body. 

[0014] The water evaporator may be disposed under the reforming catalyst 
body. Thereby, only the steam is supplied to the reforming catalyst body, and 
it is thus possible to inhibit degradation of the reforming catalyst body which 
may be caused by flowing water droplets from the water evaporator to the 
reforming catalyst body. 



[0015] The first and second tubular wall elements may be each constructed of 
a cylindrical seamless pipe. Thereby, seams of piping work such as welding 
are omitted, and thus durability with respect to the heat cycle of the DSS 
operation is improved. 

[0016] The hydrogen generator may further comprise a burner configured to 
combust a combustible gas to generate a combustion gas! and a third tubular 
wall element disposed inward of the first tubular wall element and coaxially 
with the first tubular wall element, wherein the combustion gas may be caused 
to flow in a tubular space which is a combustion gas passage formed between 
the first and third tubular wall elements. 

[0017] The burner may be oriented to cause a flame to be emitted upward 
from the burner. 

[0018] With such a configuration, the heat is transferred from the combustion 
gas to the reforming catalyst body efficiently by heat exchange between them, 
and to the water in the water evaporator efficiently by heat exchange between 
them. In addition, since the combustion gas passage in which a 
high-temperature combustion gas flows is disposed on inner side of the first 
tubular wall element, heat radiation from the combustion gas is effectively 
inhibited. The burner may be disposed in an internal space of the third 
tubular wall element, and the hydrogen generator may further comprise a first 
lid element disposed with a gap between the first lid element and an upper end 
of the third tubular wall element so as to close an upper end of the first tubular 
wall element, wherein the combustion gas generated in the burner may be 
caused to flow from an interior of the third tubular wall element into the 
combustion gas passage through the gap. 



[0019] The first tubular wall element may be provided with a combustion gas 
outlet through which the combustion gas flowing in the combustion gas 
passage is guided to outside, and a combustion gas exhaust pipe may be 
connected to the first tubular wall element to allow the combustion gas flowing 
out from the combustion gas outlet to be guided radially and downward of the 
first tubular wall element. By tilting the combustion gas exhaust portion 
downward, water droplets resulting from condensation of the steam contained 
in the combustion gas are discharged to outside together with the combustion 
gas. Thus, the amount of water reserved in the interior of the combustion gas 
exhaust portion can be reduced. As a result, it is possible to solve a problem 
that a lower end of the water evaporator near the combustion gas exhaust 
portion is cooled by the water reserved in the combustion gas exhaust portion. 
[0020] The hydrogen generator may further comprise a width equalizing 
means for suppressing a variation in a width of the combustion gas passage to 
equalize the width over an entire region in a circumferential direction of the 
combustion gas passage. Since the width equalizing means of the combustion 
gas passage suppresses a variation in a flow rate in the circumferential 
direction of the combustion gas flowing in the combustion gas passage, the heat 
is transferred from the combustion gas uniformly in the circumferential 
direction of the reforming catalyst body without occurrence of non-uniform flow 
of the combustion gas. 

[0021] By way of example, the width equalizing means may include a 
plurality of protrusions that have equal height and protrude from the third 
tubular wall element toward the first tubular wall element, and tip ends of the 
protrusions may be configured to contact the first tubular wall element. 



In this case, it is desirable to form the protrusions on the third tubular wall 
element such that the protrusions are arranged to be spaced a predetermined 
distance apart from each other in the circumferential direction of the third 
tubular wall element. 

[0022] In another example, the width equalizing means may include a 
flexible rod element that is disposed to extend in a circumferential direction of 
the third tubular wall element and has an equal cross-section, the rod element 
being sandwiched between the first and third tubular wall elements. The rod 
element may be a round rod having an equal diameter. The first tubular wall 
element may be provided with a porous metal film on an outer peripheral 
surface thereof, and the water evaporator may have a water reservoir that is 
formed between the porous metal film and an inner peripheral surface of the 
second tubular wall element. With such a configuration, the porous metal 
film is immersed in the water which is supplied from a water supply means 
and is reserved in the water reservoir, and suctions up the water. The porous 
metal film containing the water suctioned-up increases an area of water 
evaporation. The porous metal film is heated by the combustion gas flowing 
in the combustion gas passage so that the water soaked into the porous metal 
film is evaporated into the steam efficiently. 

[0023] By providing the porous metal film over an entire outer peripheral 
surface of the first tubular wall element, the water is evaporated uniformly in 
the circumferential direction. 

[0024] The hydrogen generator may further comprise a tubular cover that is 
configured to cover the second tubular wall element and forms a double-walled 
pipe along with the second tubular wall element, wherein the reformed gas 



flowing out from the reforming catalyst body may be caused to flow in a tubular 
space which is a reformed gas passage between the second tubular wall 
element and the tubular cover. In such a configuration, since the second 
tubular wall element and the tubular cover are simply tubular, durability of 
the hydrogen generator improves. Particularly, since the second tubular wall 
element and the tubular cover may be constructed of seamless metal pipes 
without seam joints of welded portions in piping, the problem that the heat 
cycle of the DSS operation that starts-up and shuts-up every day negatively 
affects the welded portion does not arise. 

[0025] The hydrogen generator may further comprise a flexible rod element 
disposed at a position of the reformed gas passage to extend in a 
circumferential direction of the second tubular wall element, and the rod 
element may be sandwiched between the second tubular wall element and the 
tubular cover. 

[0026] Since the rod element causes the reformed gas to flow in the 
circumferential direction of the reforming catalyst body, non-uniform flow of 
the reformed gas in the circumferential direction in the reformed gas passage 
is inhibited. As a result, heat radiation from the reforming catalyst body is 
inhibited over the entire region in the circumferential direction. 
[0027] The burner may be oriented to cause a flame to be emitted downward 
from the burner. 

[0028] By emitting the flame from the burner downward, it is possible to 
avoid the fact that air injection holes or fuel gas injection holes are clogged 
with products (e.g., metal oxide) resulting from combustion of the gas mixture 
of fuel gas and air. Since the burner is disposed above the reforming catalyst 
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body to be inverted 180 degrees, it is easily accessible during maintenance, and 
thus maintenance of the burner improves. 

[0029] The hydrogen generator may further comprise a combustion tube 
configured to guide the combustion gas downward, wherein the combustion gas 
passage may include a first tubular combustion gas passage formed between 
the third tubular wall element and the first tubular wall element, and a second 
tubular combustion gas passage formed between the combustion tube and the 
third tubular wall element, and wherein the combustion gas flowing out from 
the combustion tube may be caused to flow into the first combustion gas 
passage through the second combustion gas passage. By using the first and 
second combustion gas passages, heat transfer characteristic of the combustion 
gas in the axial direction of the reforming catalyst body improves. The 
hydrogen generator may further comprise a second lid element that is disposed 
with a gap between the second lid element and an upper end of the third 
tubular wall element and is connected to the burner so as to close an upper end 
of the first tubular wall element; and a separating element that is disposed 
opposite to a lower end of the combustion tube and is configured to separate an 
interior of the third tubular wall element. The second lid element may be a 
flange portion formed at a base end portion of the combustion tube. 
[0030] The hydrogen generator may further comprise a gas mixture 
promoting means configured to promote mixing of steam in an interior of the 
water evaporator with the feed gas supplied through the feed gas inlet. 
[0031] By way of example, the gas mixture promoting means may include a 
porous metal portion having a number of pores through which the gas mixture 
flows. The mixing between the feed gas and the steam is promoted while the 
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gas mixture is flowing through the pores of the porous metal portion. 
Furthermore, since the pores of the porous metal portion increases a surface 
area of heat transfer to evaporate the gas mixture flowing through the pores, 
heat transfer characteristic from the combustion gas to the gas mixture 
improves. 

[0032] The hydrogen generator may further comprise an annular support 
element that is disposed between the first and second tubular wall elements 
and is configured to support the reforming catalyst body; a first annular 
separating plate disposed to cover an upper end of the water evaporator; and 
a boundary space defined by the support element and the first annular 
separating plate; wherein the gas mixture promoting means may include a hole 
formed on the first annular separating plate, and wherein the feed gas and the 
steam in the interior of the water evaporator may be caused to gather to the 
hole to be mixed, and may flow into the boundary space. When the feed gas 
and the steam mixed in the interior of the water evaporator are caused to flow 
into the first sub-space, they are caused to gather to the gas mixture injection 
hole and thus mixing of these gases is promoted. 

[0033] The hydrogen generator may further comprise a second separating 
plate configured to divide the boundary space in two; a first sub -space defined 
by the first and second separating plates; and a second sub-space defined by 
the second separating plate and the support element, wherein the gas mixing 
promoting means may include a bypass passage connecting an interior of the 
first sub-space to an interior of the second sub-space. The bypass passage 
may include a first pipe extending radially outward of the second tubular wall 
element and a second pipe that is connected to the first pipe and extends in an 
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axial direction of the second tubular wall element so as to pass through the 
second separating plate, desirably in the direction perpendicular to the first 
pipe. Thereby, the gas mixture is caused to gather into the bypass passage 
and mixing of the gas mixture is promoted. In addition, since the gas mixture 
changes its direction substantially 90 degrees when passing through the 
bypass passage, the gas mixture flows in disorder, which further promotes 
mixing. 

[0034] The gas mixture may be caused to flow from the first sub-space into 
the bypass passage and to flow into the second sub-space toward an inner side 
of the second sub-space in a radial direction of the second sub-space. By 
injecting the gas mixture at a predetermined flow rate toward the center of the 
second sub -space, the gas mixture is supplied uniformly to the entire region in 
the circumferential direction of the second sub-space. 
[0035] A fuel cell system of the present invention comprise the 
above-mentioned hydrogen generator; and a fuel cell configured to generate 
power using a reformed gas containing hydrogen that is supplied from the 
hydrogen generator. 

Effects of the Invention 

[0036] In accordance with the present invention, since the tubular water 
evaporator and the tubular reforming catalyst body are disposed such that 
they are arranged in their axial directions and their center axes conform to 
each other, it is possible to obtain a hydrogen generator that achieves improved 
durability with respect to a heat cycle and a low cost by simplifying the 
structure of gas passages, and makes evaporation state of steam uniform, and 
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a fuel cell system comprising the hydrogen generator. 

Brief Description of the Drawings 
[0037] Fig. 1 is a cross-sectional view showing an internal construction of a 
hydrogen generator according to an embodiment 1; 

Fig. 2 is an enlarged cross-sectional view of a region near an upper 
combustion gas inlet of the hydrogen generator according to the embodiment 1, 
showing a structure of a protrusion that protrudes from a third tubular wall 
element; 

Fig. 3 is a perspective view of the third tubular wall element of the 
hydrogen generator of the embodiment 1, showing the structure of the 
protrusion that protrudes from the third tubular wall element; 

Fig. 4 is an enlarged cross-sectional view of a region near a first 
combustion gas passage of the hydrogen generator according to the 
embodiment 1, showing a structure of a round rod disposed in the first 
combustion gas passage; 

Fig. 5 is an enlarged cross-sectional view of a region near a combustion 
gas exhaust portion 33 of the hydrogen generator according to the 
embodiment 1, showing an alternative example of the combustion gas exhaust 
portion; 

Fig. 6 is an enlarged cross-sectional view of a water evaporator of the 
hydrogen generator of the embodiment 1, showing a structure of a porous 
metal film; 

Fig. 7 is a perspective view of an annular support element of the 
hydrogen generator according to the embodiment 1; 



13 



Fig. 8 is a cross-sectional view showing an internal construction of 
hydrogen generator according to an embodiment 21 

Fig. 9 is a cross-sectional view showing an internal construction of 
hydrogen generator according to an embodiment 3; 

Fig. 10 is a perspective view of a bypass passage of the hydrogen 
generator according to the embodiment 3; and 

Fig. 11 is a block diagram schematically showing a construction of 
fuel cell system according to an embodiment 4. 
Explanation of Reference Numbers 
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Best Mode for Carrying Out the Invention 

[0039] Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. 
[0040] (Embodiment l) 

Fig. 1 is a cross-sectional view showing an internal construction of a 
hydrogen generator according to an embodiment 1 of the present invention. 
[0041] In the embodiment 1, in Fig. 1, "upper" and "lower" are illustrated, a 
vertical direction of a cylindrical hydrogen generator 10 is an axial direction, a 
direction along a circle around a center axis of the hydrogen generator 101 is a 
circumferential direction, and a direction along a radius of the circle is a 
radial direction (these directions are the same in embodiments 2 and 3). 
[0042] The hydrogen generator 10 mainly includes a first tubular wall 
element 11 and a second tubular wall element 12 which are constructed of 
seamless cylinders made of stainless steel, and form a double-walled pipe with 
a common center axis 101, a cylindrical water evaporator 13 that is formed in 
a cylindrical region (cylindrical space) between the first tubular wall element 
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11 and the second tubular wall element 12 so as to extend in an axial direction 
of the first and second tubular wall elements 11 and 12, a cylindrical platinum 
based reforming catalyst body 14 that is arranged with the water evaporator 
13 in the axial direction and is formed in the cylindrical space between the 
first and second tubular wall elements 11 and 12, a third tubular wall element 
16 that is inserted into the first tubular wall element 11 to a region near the 
upper end of the first tubular wall element 11 in the direction from the lower 
end of the first tubular wall element 11 and is coaxially provided with the first 
tubular wall element 11 so as to form a double-walled pipe with the first 
tubular wall element 11, a burner 15 formed at a lower region of the center of 
the interior of the third tubular wall element 16, and a cover 22 that is 
constructed of seamless cylinder made of stainless steel, covers an upper half 
portion of the second tubular wall element 12, and forms a double-walled pipe 
with the second tubular wall element 12, and a lid element 24 that is of a 
circular plate shape and is disposed to cover an entire surface of an upper end 
of the cylindrical cover 22. 

[0043] As described later in detail, a gap (cylindrical space) between the 
third tubular wall element 16 and the first tubular wall element 11 is used as 
a first combustion gas passage 30 in which a combustion gas flows, and a gap 
(cylindrical space) between the second tubular wall element 12 and the 
cylindrical cover 22 is used as a reformed gas passage 45 in which a reformed 
gas flows. 

[0044] In this embodiment, the water evaporator 13 and the reforming 
catalyst body 14 are disposed in such a manner that the center axis 101 of the 
water evaporator 13 and the center axis 101 of the reforming catalyst body 14 
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conform to the direction (axial direction) in which a gas mixture (gas mixture 
containing steam and feed gas) flows upward in the interior of the water 
evaporator 13, and the reforming catalyst body 14 is positioned on 
downstream side in a flow of the gas mixture in the interior of the water 
evaporator 13. That is, the water evaporator 13 is disposed under the 
reforming catalyst body 14. 

[0045] Furthermore, an annular support element 43 (see Fig. 7) is provided 
at a boundary between an upper end 13u of the water evaporator 13 and a 
lower end 14d of the reforming catalyst body 14 to protrude inward from an 
inner surface of the second tubular wall element 12 and is configured to 
support the reforming catalyst body 14. 

[0046] Since the water evaporator 13 and the reforming catalyst body 14 are 
arranged in their axial direction such that the direction of the center axis 101 
of the water evaporator 13 and the direction of the center axis 101 of the 
reforming catalyst body 14 conform to each other, the gas mixture flowing 
upward in the interior of the water evaporator 13 is smoothly guided from the 
water evaporator 13 to the reforming catalyst body 14 in one direction (axial 
direction), and intricate gas passages formed by piping work such as welding 
are reduced so that durability of the hydrogen generator 10 with respect to the 
heat cycle of the DSS operation is improved and a manufacturing cost of the 
hydrogen generator 10 is reduced. 

[0047] In addition, since the water evaporator 13 and the reforming catalyst 
body 14 are arranged in their axial direction, it becomes possible to adopt an 
inner diameter of the water evaporator 13 which is suitable for uniform 
evaporation in the water evaporator 13 without increasing the inner diameter 
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of the water evaporator 13. 

[0048] Since the water evaporator 13 is disposed under the reforming 
catalyst body 14, only the steam is supplied to the reforming catalyst body 14. 
As a result, degradation of the reforming catalyst body 14 which may be 
caused by flowing water droplets from the water evaporator 13 to the 
reforming catalyst body 14 is inhibited. 

[0049] Hereinafter, components of the hydrogen generator 10 will be 
sequentially described. A first flame detecting means 26A (e.g., 
thermocouple) is disposed in the vicinity of the center of the lid element 24 to 
be opposed to the burner 15. The first flame detecting means 26A detects 
whether or not a combustible gas is being combusted. In such a construction, 
the first flame detecting means 26A is easily attached to the lid element 24, 
and is capable of detecting a condition of the flame with high accuracy. 
[0050] A first temperature detecting means 49A (e.g., thermocouple) is 
inserted into a reformed gas passage region in the vicinity of the upper end 
14u of the reforming catalyst body 14, and a second temperature detecting 
means 49B (e.g., thermocouple) is attached to an outer surface of the 
cylindrical cover 22. 

[0051] More specifically, the first temperature detecting means 49Ais 
positioned in the vicinity of a reformed gas inlet 44 to directly detect the 
temperature of the reformed gas that has just flowed from the reforming 
catalyst body 14. 

[0052] The first temperature detecting means 49A is capable of accurately 
detecting the temperature of the reforming catalyst body 14 which varies with 
time, and is maintained easily by opening the lid element 24. 
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[0053] The second temperature detecting means 49B is attached to the outer 
surface of the cylindrical cover 22 to detect the temperature of the cylindrical 
cover 22 in the vicinity of the reformed gas inlet 44. As a matter of course, 
the second temperature detecting means 49B may be omitted. 
[0054] The second temperature detecting means 49B is easily attached and 
maintenance of the second temperature detecting means 49B improves.. 
[0055] According to detection signals output from the detecting means 26A, 
49A, and 49B, a controller (not shown) controls the temperature of the 
hydrogen generator 10 properly. 

[0056] The lid element 24 is provided with a heat insulating material 27 
such as aluminum oxide, silicon oxide or titanium oxide which is opposed to 
the burner 15. This makes it possible to inhibit heat radiation from the 
interior of the third tubular wall element 16. 

[0057] The water evaporator 13 is provided with a feed gas pipe 40 through 
which a feed gas fed from a material feed portion (not shown) is guided to a 
feed gas inlet 40i of the water evaporator 13 and a water pipe 41 through 
which water supplied from a water supply means (not shown) is guided to a 
water inlet 41i of the water evaporator 13. The burner 15 is provided with a 
fuel gas pipe 17 through which a fuel gas which is an off gas of the fuel cell 
(not shown) is guided to a flame region of the burner 15, and an air pipe 21 
through which the air supplied from the air supply portion (not shown) is 
guided to the flame region of the burner 15. 

[0058] In order to guide the combustion gas flowing in the first combustion 
gas passage 30 to atmosphere through combustion gas outlets 32 formed in 
the vicinity of the lower end of the first tubular wall element 11, a combustion 
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gas exhaust portion 33 is provided around the region in the vicinity of the 
lower end of the first tubular wall portion 11, and an exhaust pipe 34 is. 
provided at a predetermined position from the combustion gas exhaust 
portion 33 to protrude radially outward. 

[0059] More specifically, the combustion gas outlets 32 which are openings 
arranged uniformly in the circumferential direction on the first tubular wall 
element 11. The combustion gas exhaust portion 33 is connected to the first 
tubular wall element 11 to cover the combustion gas outlets 32 and to extend 
over the entire circumference of the first tubular wall element 11. The 
cylindrical exhaust pipe 34 is connected to the combustion gas exhaust portion 
33 and protrudes radially outward. 

[0060] A reformed gas exhaust pipe 48 is provided at a predetermined 
position of the cylindrical cover 22 and configured to protrude radially 
outward to guide the reformed gas flowing in the reformed gas passage 45 to 
downstream side through a reformed gas outlet 47 formed in the vicinity of 
the lower end of the cylindrical cover 22. 

[0061] More specifically, the reformed gas outlet 47 which is an opening is 
formed on the cylindrical cover 22, and the reformed gas exhaust pipe 48 
is connected to the cylindrical cover 22 so as to cover the reformed gas outlet 
47 and to protrude radially outward. 

[0062] A region surrounded by the first and second tubular wall elements 11 
and 12, the support element 43 and an upper wall of the combustion gas 
exhaust portion 33 functions as a space inside the water evaporator 13 in 
which a gas mixture is filled. A region surrounded by the first and second 
tubular wall elements 11 and 12, the support element 43, and the lid element 
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24 of a disc plate shape functions as a space in which the reforming catalyst 
body 14 is filled. 

Subsequently, a detailed construction of the hydrogen generator 10 
associated with the fuel gas passage will be described. 

As shown in Fig. 1, the inner diameter of the third tubular wall 
element 16 is smaller than the inner diameter of the first tubular wall 
element 11 so that the first combustion gas passage 30 including a cylindrical 
gap is formed between the third tubular wall element 16 and the first tubular 
wall element 11. The third tubular wall element 16 is inserted into the 
interior of the first tubular wall element 11 in the direction from the lower end 
of the first tubular wall element 11 with the cylindrical gap between the first 
and third tubular wall elements 11 and 16 in assembly. With the third 
tubular wall element 16 inserted into the first tubular wall element 11 and 
fixed thereto such that their center axes 101 conform to each other, the upper 
end of the first tubular wall element 11 is closed by the lid element 24 with a 
gap between the upper end of the third tubular wall element 16 and the lid 
element 24. The gap corresponds to an upper combustion gas inlet 31 
described later. When the third tubular wall element 16 is inserted, it is 
axially positioned in such a manner that an annular flange portion 16a at the 
lower end of the third tubular wall element 16 is abuts against a lower wall of 
the combustion gas exhaust portion 33 with a packing (not shown) provided 
between them. The first tubular wall element 11 is fixed in such a manner 
that its upper end is abuts against the lid element 24 and its lower end is 
abuts against the lower wall of the combustion gas exhaust pipe 33 with a 
packing (not shown) provided between them. Since the first tubular wall 
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element 11 and the third tubular wall element 16 are each constructed of a 
seamless metal pipe extending from a region in the vicinity of the upper end 
14u of the reforming catalyst 14 to a region in the vicinity of the lower end 13d 
of the water evaporator 13, the first combustion gas passage 30 extends from 
the region in the vicinity of the upper end 14u of the reforming catalyst body 
14 to the region in vicinity of the lower end 13d of the water evaporator 13. 
Subsequently, a detailed construction of the hydrogen generator 10 associated 
with the mixture gas passage and the reformed gas passage will be described. 
[0063] As shown in Fig. 1, the gas mixture in the interior of the water 
evaporator 13 flows into the reforming catalyst body 14 through a plurality of 
gas mixture injection holes 70 that are positioned at a boundary between the 
upper end 13u of the water evaporator 13 and the lower end 14d of the 
reforming catalyst body 14 and are formed on the support element (separating 
plate) 43 supporting the reforming catalyst body 14. The first gas mixture 
injection holes 70 of the support element 43 are a plurality of circular holes 
(diameter- about 1mm) arranged in the circumferential direction of the 
support element 43 shown in Fig. 7 to be spaced a predetermined distance 
apart from each other. Thereby, the gas mixture is supplied to the reforming 
catalyst body 14 uniformly in the circumferential direction thereof. 
[0064] As shown in Fig. 1, the support element 43 is connected at an outer 
periphery thereof to the second tubular wall element 12 and is supported at 
one end thereof by the second tubular wall element 12. An annular gap 60 is 
formed between an inner periphery of the support element 43 and the first 
tubular wall element 11. The gas mixture also flows from the water 
evaporator 13 to the reforming catalyst body 14 through the annular gap 60. 
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Alternatively, the support element 43 may be supported at one end thereof by 
the first tubular wall element 11 instead of the second tubular wall element 
12, or otherwise may be supported at both ends thereof by the first and second 
tubular wall elements 11 and 12. The shape of the first gas mixture injection 
holes 70 is not intended to be a circle in a limited way, but may be elongated 
circle, an oval, a rectangle, etc. 

[0065] In an alternative example of the support element 43, one gas mixture 
injection hole (not shown) may be formed in the circumferential direction of 
the support element 43 instead of the plurality of first gas mixture injection 
holes 70. By providing one gas mixture hole, the feed gas and the steam in 
the interior of the water evaporator 13 gather and are mixed in this gas 
mixture injection hole when flowing into the reforming catalyst body 14, 
thereby allowing mixing of the gas mixture to promote, although there arises 
a need to supply the gas mixture to the reforming catalyst body 14 uniformly 
in the circumferential direction. 

[0066] The reformed gas emitted from an axial end of the reforming catalyst 
body 14 flows into the reformed gas passage 45 formed between the second 
tubular wall element 12 and the cylindrical cover 22 through the reformed gas 
inlet 44 corresponding to an annular gap formed between the upper end of the 
second tubular wall element 12 and the lid element 24. More specifically, the 
inner diameter of the second tubular wall element 12 is smaller than the 
inner diameter of the cylindrical cover 22, and thereby the reformed gas 
passage 45 comprised of a cylindrical gap is formed between the second 
tubular wall element 12 and the cylindrical cover 22. The second tubular 
wall element 12 is inserted into the interior of the cylindrical cover 22 with 
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the cylindrical gap in assembly. With the second tubular wall element 12 
inserted into the cylindrical cover 22 with their center axes 101 conforming to 
each other, the upper end of the cylindrical cover 22 is closed by the lid 
element 24 with a gap between the upper end of the second tubular wall 
element 12 and the lid element 24. In this manner, the annular gap which is 
the reformed gas inlet 44 and the cylindrical gap which is the reformed gas 
passage 45 are formed. A second round rod 46 is disposed in a gap between 
the second tubular wall element 12 and the cylindrical cover 22. The flexible 
second round rod 46 is wound around the second tubular wall element 12. 
The second round rod 46 is in contact with (sandwiched between) the second 
tubular wall element 12 and the cylindrical cover 22 to form a spiral reformed 
gas passage 45A (reformed gas circumferential moving means) in the 
reformed gas passage 45. The cylindrical cover 22 is constructed of a 
seamless metal pipe which is made of stainless steel and extends from the 
region in vicinity of the upper end 14u of the reforming catalyst body 14 to the 
region in vicinity of the lower end 14d of the reforming catalyst body 14. 
[0067] The flow operations of the combustion gas, the gas mixture, and 
reformed gas in the hydrogen generator 10 constructed as described above will 
be sequentially described. The fuel gas is supplied from a fuel gas inlet 17i 
connected to a passage (not shown) of the fuel gas (e.g., off gas of the fuel cell) 
and is guided to the fuel gas pipe 17. Then, the fuel gas flows upward toward 
the burner 15 through the fuel gas pipe 17. The further upward flow of the 
fuel gas is blocked by a fuel gas pipe lid 18 that seals a downstream end of the 
fuel gas pipe 17, and therefrom, the fuel gas is injected to the flame region of 
the burner 15 through a plurality of fuel gas injection holes 19 which are 
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provided on the side surface of the fuel gas pipe 17 and located in the vicinity 
of the fuel gas pipe lid 18. Air for combustion is supplied from the air inlet 
21i connected to the air supply means (not shown) and moves upward toward 
the burner 15 through the air pipe 21. The air is supplied to an interior of an 
air buffer 23 that is provided around the fuel gas pipe 17 in the vicinity of the 
downstream end of the fuel gas pipe 17 and is constructed of an annular 
hollow body that is recessed substantially at the center. The air is injected 
from the air buffer 23 to the flame region of the burner 15 through a plurality 
of air injection holes 20 formed on the inner side surface of the concave portion. 
The combustible gas is combusted to generate the high-temperature 
combustion gas in the interior of the burner 15 while maintaining the 
combustible gas in the gas mixture containing the fuel gas and the air that 
are guided to the flame region of the burner 15 at a concentration at which the 
combustible gas is able to be combusted. 

[0068] As indicated by a dotted line in Fig. 1, the combustion gas is 
exhausted to outside through the third tubular wall element 16 and the first 
combustion gas passage 30. 

[0069] The combustion gas generated in the burner 15 flows upward in the 
interior of the third tubular wall element 16, and further upward flow of the 
combustion gas is blocked by the lid element 24 disposed with the gap 
corresponding to the annular upper combustion gas inlet 31 between the 
upper end of the third tubular wall element 16 and the lid element 24. The 
combustion gas diffuses radially along the lid element 24, and is guided to the 
first cylindrical combustion gas passage 30 through the upper combustion gas 
inlet 31. Thereafter, the combustion gas exchanges heat with the reforming 
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catalyst body 14 to transfer heat for the reforming reaction to the reforming 
catalyst body 14 while flowing downward in the first combustion gas passage 
30. Thereafter, the combustion gas exchanges heat with the water in the 
interior of the water evaporator 13 to transfer heat for water evaporation to 
the water. An upper half portion of the third tubular wall element 16 also 
functions as a combustion tube, and transfers heat to the reforming catalyst 
body 14 by heat radiation. The combustion gas that has exchanged heat with 
the water in the interior of the water evaporator 13 flows from the combustion 
gas outlets 32 to the combustion gas exhaust portion 33. The combustion gas 
flows through the combustion gas exhaust portion 33 and is exhausted to 
outside in the air through the exhaust pipe 34. The gas mixture containing 
the feed gas and the steam flows out from the water evaporator 13 into the 
reforming catalyst body 14 as follows. The feed gas that is fed to the feed gas 
inlet 40i connected to the material feed means is guided to the water 
evaporator 13 through the feed gas pipe 40. The water that is supplied to the 
water inlet 41i connected to the water supply means is guided to the water 
evaporator 13 through the water pipe 41. The water of a predetermined 
amount is supplied to and reserved in the water reservoir 38 of the water 
evaporator 13. The water receives heat from the combustion gas by heat 
exchange with the combustion gas through the first tubular wall element 11 
and is thereby evaporated into steam. The steam and the feed gas are mixed 
in the interior of the water evaporator 13, and the resulting gas mixture flows 
axially upward in the water evaporator 13 and flows into the reforming 
catalyst body 14 through the plurality of first gas mixture injection holes 70 
formed on the support element (separating plate) 43. The gas mixture is 
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converted into a reformed hydrogen-rich gas through the reforming reaction 
while flowing through the reforming catalyst body 14. 

[0070] As indicated by a one-dotted line in Fig. 5, the reformed gas flows 
from the reforming catalyst body 14 to downstream side through the reformed 
gas passage 45. 

[0071] To be specific, the reformed gas generated by reforming the gas 
mixture in the reforming catalyst body 14 flows upward inside the reforming 
catalyst body 14, and further upward flow of the reformed gas is blocked by 
the lid element 24. The reformed gas diffuses radially along the lid element 
24 and is guided to the reformed gas passage 45 through the reforming gas 
inlet 44. Thereafter, the reformed gas is caused to move in the 
circumferential direction of the reforming catalyst body 14 along the second 
round rod 46 (rod element) while being guided downward through the spiral 
passage 45A. 

[0072] After flowing in the reformed gas passage 45, the reformed gas flows 
into the reformed gas exhaust pipe 48 through the reformed gas outlet 47. 
The reformed gas flows to downstream side through the reformed gas exhaust 
pipe 48. 

In accordance with the hydrogen generator 10, since the first, second 
and the third tubular wall elements 11, 12, and 16 and the cylindrical cover 22 
are simple in shape, i.e., cylindrical, durability of the hydrogen generator 10 
improves. In particular, since the first, second, and the third tubular wall 
elements 11, 12, 16, and the cylindrical cover 22 are constructed of metal 
pipes made of stainless steel and are not provided with seam joints such as 
the welded portion, the problem that the heat cycle of the DSS operation in 
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which the fuel cell starts~up and shuts-down every day negatively affects the 
welded portion does not arise. Furthermore, since the entire surface of the 
reforming catalyst body 14 in the circumferential direction from the upper end 
14u to the lower end 14d is contact with the combustion gas flowing in the 
first combustion gas passage 30 with the first tubular wall element 11 
interposed between them, reaction heat necessary for the reforming reaction 
is efficiently transferred from the combustion gas to the reforming catalyst 
body 14. In addition, since the entire surface of the water evaporator 13 in 
the circumferential direction from the upper end 13u to the lower end 13d is 
in contact with the combustion gas flowing in the first combustion gas passage 
30 with the first tubular wall element 11 interposed between them, 
evaporation heat is efficiently transferred from the combustion gas to the 
water in the interior of the water evaporator 13. Furthermore, since the first 
combustion gas passage 30 is disposed inward of the first tubular wall 
element 11, heat radiation from the combustion gas flowing in the first 
combustion gas passage 30 is inhibited. 

[0073] Moreover, since the reformed gas is caused to move in the 
circumferential direction of the reforming catalyst body 14, non-uniform flow 
of the reformed gas in the circumferential direction is inhibited, and thus heat 
radiation from the reforming catalyst body 14 is inhibited over the entire 
region in the circumferential direction of the reforming catalyst body 14. 
Hereinbelow, several alternative examples that improve heat transfer 
characteristics of the combustion gas to the reforming catalyst body 14 and/or 
the water evaporator 13 will be described with reference to the drawings. 
[First Alternative Example] 
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A first alternative example is such that protrusions 35 which are a 
width equalizing means for equalizing a width W of the first combustion gas 
passage 30 are formed on the surface of the third tubular wall element 16 by 
embossing. As illustrated by an enlarged cross-sectional view of Fig. 2, 
showing the region in the vicinity of the upper combustion gas inlet 31, the 
plurality of protrusions 35 with an equal height are formed by embossing the 
third tubular wall element 16 to protrude toward the first tubular wall 
element 11, and their tip ends are in contact with the first tubular wall 
element 11. Thereby, the variation in the width W of the first gas passage 30 
is suppressed by the height of protrusions 35. So, the protrusions 35 allow 
the width W of the combustion gas passage 30 to be equalized in the 
circumferential direction thereof. To be specific, as illustrated by the 
perspective view of the third tubular wall element 16 of Fig. 3, the plurality of 
protrusions 35 with an equal height are formed on the third tubular wall 
element 16 to be spaced a predetermined distance apart from each other in 
the circumferential direction. While the protrusions 35 are formed by 
embossing the third tubular wall element 16, similar protrusions may 
alternatively be formed by embossing the first tubular wall element 11. In 
accordance with the means for equalizing the width (protrusions 35) of the 
first combustion gas passage 30, the variation in the flow rate in the 
circumferential direction of the combustion gas flowing in the first combustion 
gas passage 30 is suppressed. As a result, non-uniform flow of the 
combustion gas does not occur, and thereby, the heat from the combustion gas 
which is necessary for the reforming reaction is transferred to the reforming 
catalyst body 14 uniformly in the circumferential direction thereof. 
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[Second Alternative Example] 

A second alternative example is such that a first flexible round rod 
(rod element) 36 having an equal diameter (equal cross-section) is wound 
around the third tubular wall element 16 as the means for equalizing the 
width W of the first combustion gas passage 30. As illustrated by an 
enlarged cross-sectional view showing a region in the vicinity of the first 
combustion gas passage 30 of Fig. 4, the first round rod 36 is in contact with 
the third tubular wall element 16 and the first tubular wall element ll(or 
sandwiched between the third tubular wall element 16 and the first tubular 
wall element 11) such that the width W of the first combustion gas passage 30 
is equal to the diameter of the first round rod 36. Thereby, the variation in 
the width W of the combustion gas passage 30 is suppressed by the first round 
rod 36, and thus the width W of the first combustion gas passage 30 is 
equalized in the circumferential direction thereof. In addition, a spiral 
passage 30A is formed in the first combustion gas passage 30 by winding the 
first round rod element 36 in spiral-shape around the third tubular wall 
element 16 over an axial predetermined distance of the third tubular wall 
element 16. The combustion gas is caused to flow along the first round rod 
36 in the interior of the spiral passage 30A. In accordance with the means 
for equalizing the width W of the first combustion gas passage 30 (first round 
rod 36), the variation in the flow rate in the circumferential direction of the 
combustion gas flowing in the first combustion gas passage 30 is reduced. As 
a result, non-uniform flow of the combustion gas does not occur, and thereby, 
the heat is transferred from the combustion gas to the reforming catalyst body 
14 uniformly in the circumferential direction thereof. In addition, since the 
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combustion gas is caused to flow in the circumferential direction along the 
first round rod 36 in the combustion passage 30, heat is transferred from the 
combustion gas to the reforming catalyst body 14 more uniformly in the 
circumferential direction. 
[Third Alternative Example] 

A third alternative example is such that the combustion gas exhaust 
portion 33 for guiding the combustion gas flowing out from the combustion gas 
outlets 32 is tilted downward. As illustrated by an enlarged cross-sectional 
view showing the region in the vicinity of the combustion gas exhaust portion 
33 of Fig. 5, an inner surface of a lower wall of the combustion gas exhaust 
portion 33 is tilted downward to at a predetermined angle ot with respect to 
the radial direction of the first tubular wall element 11. By tilting the inner 
surface of the lower wall of the combustion gas exhaust portion 33 downward, 
water droplets that may be generated by condensation of the steam contained 
in the combustion gas are discharged to outside together with the combustion 
gas, thus reducing the water reserved in the interior of the combustion gas 
exhaust portion 33. As a result, the problem that the lower end 13d of the 
water evaporator 13 which is near the combustion gas exhaust portion 33 is 
cooled by the water reserved in the combustion gas exhaust portion 33 does 
not arise. 

[Fourth Alternative Example] 

A fourth alternative example is such that a porous metal film 37 
comprised of a porous metal thin film (approximately 0.5mm) is provided on an 
outer peripheral surface of a region of the first tubular wall element 11 that is 
located at the water reservoir 38. Specifically, as illustrated by an enlarged 
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cross-sectional view (Fig. 6) showing the region in the vicinity of the lower end 
13d of the water evaporator 13, the porous metal film 37 is provided on the 
outer peripheral surface (surface defining the water evaporator 13) of the first 
tubular wall element 11 to extend over a predetermined distance above from 
the water reservoir 38 at the lower end 13d. Thereby, the water evaporator 38 
is formed between the porous metal membrane 37 and the inner peripheral 
surface of the second tubular wall element 12. 

In such a construction, the porous metal membrane 37 is immersed in 
the water that is supplied from the water supply means and reserved in the 
water reservoir 38, and suctions up the water. The porous metal membrane 
37 containing the water suctioned-up increases the area of water evaporation. 
Since the combustion gas flowing in the combustion gas passage 30 heats the 
entire surface of the porous metal membrane 37, the water soaked into the 
porous metal membrane 37 is evaporated into steam efficiently. 
[0074] (Embodiment 2) 

Fig. 8 is a cross-sectional view showing an internal construction of a 
hydrogen generator according to an embodiment 2 of the present invention. 
[0075] Since the structures of the first and second tubular wall elements 11 
and 12, the water evaporator 13, the reforming catalyst body 14, and the 
cylindrical cover 22 in the embodiment 2 are identical to those of the 
embodiment 1, they will not be further described. 

[0076] While in the embodiment 1, the burner 15 is inserted into the interior 
of the first tubular wall element 11 in the direction from the lower side to the 
upper side of the first tubular wall element 11 so that the flame is emitted 
upward (toward upper side in Fig. 1) from the burner 15 in this embodiment 2, 
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it is disposed at an upper end of the first tubular wall element 11 to be inverted 
180 degrees so that the flame emitted from the burner 15 is oriented 
downward. 

[0077] Hereinbelow, the construction of the embodiment 2 will be described 
regarding the placement of the burner 15. 

[0078] Turning to Fig. 8, the lid element 24 is omitted, and a combustion tube 
50 is inserted into the interior of the third tubular wall element 16 from the 
upper end as compared to the construction of Fig. 1. A lower end 50A of the 
combustion tube 50 is positioned in the vicinity of the center in the axial 
direction of the first tubular wall element 11 (third tubular wall element 16) (in 
the vicinity of the lower end 14d of the reforming catalyst body 14). The 
combustion tube 50 is axially positioned by contacting an annular flange 
portion 50S (flange) formed at a base end portion (upper end 50B) of the 
combustion tube 50 with the first tubular wall element 11 or the upper end of 
the cylindrical cover 22. In addition, the flange portion 50S covers the upper 
end of the hydrogen generator 10 surrounded by the cylindrical cover 22 except 
for an inner region of the combustion tube 50. The flange portion 50S 
functions as the lid element 24 of the embodiment 1, i.e., the lid element 
provided to close the upper ends of the first, second, and third tubular wall 
elements 11, 12, and 16. The burner 15 is connected to the flange portion SOS. 
[0079] A separating element 51 of a circular plate shape is disposed in the 
vicinity of the lower end 50Aof the combustion tube 50 to be opposed to the 
lower end 50Aof the combustion tube 50. The separating element 51 blocks 
the lower side of the combustion tube 50 to separate the interior of the third 
tubular wall element 16. A cylindrical gap between the combustion tube 50 
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and the third tubular wall element 16 serves as a second combustion gas 
passage 53, and a cylindrical gap between the third tubular wall element 16 
and the first tubular wall element 11 serves as a first combustion gas passage 
30. More specifically, the inner diameter of the combustion tube 50 is smaller 
than the inner diameter of the third tubular wall element 16, and thereby the 
second combustion gas passage 53 comprised of the cylindrical gap is formed 
between the combustion tube 50 and the third tubular wall element 16. The 
combustion tube 50 is inserted into the interior of the third tubular wall 
element 16 from the upper end thereof with the cylindrical gap in assembling. 
With the combustion tube 50 inserted into the third tubular wall element 16 
such that directions of their center axes 101 conform to each other, the 
separating element 51 of the circular plate shape is disposed with a gap 
between the separating element 51 and the lower end 50A of the combustion 
tube 50. The annular gap corresponds to a lower combustion gas inlet 52. 
The structure of the first combustion gas passage 30 is identical to that of the 
embodiment 1, and therefore will not be described in detail. In the hydrogen 
generator 10 constructed above, the third tubular wall element 16 inserted into 
the region between the combustion tube 50 and the first tubular wall element 
11 causes the combustion gas path to be bent in substantially U-shape at the 
upper combustion gas inlet 31 in the direction from the second combustion gas 
passage 53 to the first combustion gas passage 30. A second flame detecting 
means (e.g., thermocouple) 26B is disposed substantially at the center of the 
separating element 51 to be opposed to the burner 15. The second flame 
detecting means 26B detects whether or not the combustible gas is being 
combusted. In such a configuration, the second flame detecting means 26B is 
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easily attached to the separating element 51. The second flame detecting 
means 26B is capable of accurately detecting a flame condition of the burner 
15. 

[0080] Subsequently, how the combustion gas generated in the burner 15 
flows and transfers heat to the reforming catalyst body 14 and the water 
evaporator 13 will be described. The operation for supplying the fuel gas and 
the air to the burner 15 is identical to that of the embodiment 1, and will not be 
described. The combustible gas in the gas mixture containing the fuel gas and 
the air that are guided to the flame region of the burner 15 is maintained at a 
concentration at which the combustible gas is able to be combusted to generate 
a high-temperature combustion gas. As shown by a dotted line of Fig. 8, the 
combustion gas flows downward in the interior of the combustion tube 50, 
through the lower combustion gas inlet 52, the second combustion gas passage 
53 formed between the combustion tube 50 and the third tubular wall element 
16, and the upper combustion gas inlet 31, and is exhausted to outside through 
the first combustion gas passage 30 formed between the third tubular wall 
element 16 and the first tubular wall element 11. 

[0081] More specifically, the combustion gas generated in the burner 15 flows 
downward in the interior of the combustion tube 50, and further downward 
flow is blocked by the separating element 51 disposed with the gap between the 
lower end 50A of the combustion tube 50 and the separating element 51. The 
combustion gas diffuses radially along the separating element 51 and is guided 
to the interior of the cylindrical second combustion gas passage 53 through the 
annular lower combustion gas inlet 52. Thereafter, the heat is transferred 
from the combustion gas to the reforming catalyst body 14 to enable an 
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endothermic reforming reaction to occur, through the first tubular wall 
element 11, the first combustion gas passage 30, and the third tubular wall 
element 16 while being guided upward through the second combustion gas 
passage 53. For example, the reforming catalyst body 14 is heated by 
transferring radiation heat from the third tubular wall element 16 heated by 
the combustion gas. The further upward flow of the combustion gas flowing in 
the interior of the second combustion gas passage 53 is blocked by the flange 
SOS disposed with the gap between the flange 50S and the upper end of the 
third tubular wall element 16. Then, the combustion gas diffuses radially 
along the flange portion 50S and is guided to the interior of the first 
combustion gas passage 30 through the annular upper combustion gas inlet 31. 
[0082] The first and second combustion gas passages 30 and 53 are provided, 
and the combustion gas is caused to flow upward in the interior of the second 
combustion gas passage 53 from the region in the vicinity of the lower end 14d 
of the reforming catalyst body 14 to the region in the vicinity of the upper end 
14u of the reforming catalyst body 14 and is caused to flow downward in the 
interior of the first combustion gas passage 30 from the region in the vicinity of 
the upper end 14u of the reforming catalyst body 14 to the region in vicinity of 
the lower end 14d of the reforming catalyst body 14. 

[0083] Thereafter, the combustion gas flowing in the first combustion gas 
passage 30 is exhausted to outside the hydrogen generator 10 through the path 
described in the embodiment 1. 

[0084] The flow of the gas mixture and the flow of the reformed gas are 
identical to those of the embodiment 1, and will not be further described. 
[0085] As should be appreciated from the foregoing, since the flame is emitted 
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downward from the burner 15, substances (e.g., metal oxide) which may result 
from combustion of the gas mixture containing the fuel gas and the air are 
deposited on the separating element 51, and thus does not clog the air injection 
holes 20 and the fuel gas injection hole 19 of the burner 15. 
[0086] Since the burner 15 is installed above the reforming catalyst body 14 
so as to be inverted 180 degrees, it is easily accessible during maintenance. 
So, maintenance of the burner 15 improves. 

[0087] In a case where the flame is emitted downward from the burner 15 
(downward flame emission), a range of desired combustion characteristic of the 
burner 15 can be increased even when flame combustion amount of the burner 
15 is small, as compared to a case where the flame is emitted upward from the 
burner 15 (upward flame emission). This is associated with the fact that the 
flame or the high-temperature combustion gas tends to flow upward in the 
combustion space of the burner 15 by a buoyancy based on density difference 
between these gases and the air. 

[0088] In the upward flame emission of the burner 15, the flame or the 
combustion gas moves upward by the buoyancy away from the air injection 
holes 20 of the burner 15 or the fuel gas pipe lid 18, while in the downward 
flame emission, the flame or the combustion gas moves upward by the 
buoyancy closer to the air injection holes 20 or the fuel gas pipe lid 18. The 
downward flame emission of the burner 15 enables the temperature of the 
burner 15 to become higher than that of the upward flame emission. When 
the temperature of the burner 15 is higher, the combustion portion of the 
burner 15 is inevitably maintained at a high temperature. As a result, 
desired combustion characteristic is achieved. 
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[0089] In a case where the combustion amount of the burner 15 is small and 
thereby the temperature of the burner 15 is likely to decrease, there arises a 
difference in combustion characteristic between the upward flame emission 
and downward flame emission. 

[0090] If the air supply amount becomes unstable due to some causes, for 
example, disturbance by strong wind or the like and the combustion amount of 
the burner 15 decreases, it is advantageous that the downward flame emission 
of the burner 15 is adopted rather than the upward flame emission of the 
burner 15, because the exhaust amount of CO or THC in the exhaust gas is 
suppressed and thereby stability of the combustion of the burner 15 is 
improved. 

[0091] Since the first and second combustion gas passages 30 and 53 are 
provided so that the combustion gas is caused to flow upward and then 
downward in the axial direction of the reforming catalyst body 14, heat 
transfer characteristic of the combustion gas in the axial direction of the 
reforming catalyst body 14 is improved. 

[0092] To be specific, the temperature of the combustion gas is highest just 
after the combustion gas has flowed out from the combustion tube 50 (in the 
vicinity of the lower combustion gas inlet 52) and thereafter decreases while 
the combustion gas flows in the first and second combustion gas passages 30 
and 53 while transferring heat required for the reforming reaction to the 
reforming catalyst body 14. As examples of the variation in the temperature 
of the combustion gas, the temperature of the combustion gas at the lower 
combustion gas inlet 52 is 1000t: and the temperature of the combustion gas 
at the upper combustion gas inlet 31 is 800X1:. Under this condition, assuming 
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that the first combustion gas passage 30 is omitted and the heat required for 
the reforming reaction is transferred only from the second combustion gas 
passage 53 to the reforming catalyst body 14, the temperature difference 
(200 < C) in the combustion gas between the upper and lower combustion gas 
inlets 31 and 52 is directly reflected in the temperature difference between the 
upper end 14u of the reforming catalyst body 14 and the lower end 14d of the 
reforming catalyst body 14. As a result, temperature grading due to the 
temperature difference of the combustion gas occurs in the axial direction of 
the reforming catalyst body 14. 

[0093] On the other hand, since the first and second combustion gas passages 
30 and 53 are provided as in the embodiment 2, and the combustion gas is 
caused to flow upward in the second combustion gas passage 53 from the lower 
end 14d of the reforming catalyst body 14 to the upper end 14u of the reforming 
catalyst body 14, and to flow downward in the first combustion gas passage 30 
from the upper end 14u of the reforming catalyst body 14 to the lower end 14d 
of the combustion catalyst body 14, the temperature grading which occurs in 
the second combustion gas passage 53 in the axial direction of the reforming 
catalyst body 14 is canceled by the temperature grading which occurs in the 
first combustion gas passage 30 in the axial direction of the reforming catalyst 
body 14. To be specific, in the vicinity of the lower end 14d of the reforming 
catalyst body 14, the combustion gas flowing in the second combustion gas 
passage 53 is on a high-temperature side, while the combustion gas flowing in 
the first combustion gas passage 30 is on a low-temperature side. Conversely, 
in the vicinity of the upper end 14u of the reforming catalyst body 14, the 
combustion gas flowing in the second combustion gas passage 53 is on a 
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low -temperature side, while the combustion gas flowing in the first combustion 
gas passage 30 is on a high-temperature side. Because of the temperature 
difference in the combustion gas flowing in the passages 53 and 30, the 
temperature of the combustion gas flowing in the first combustion gas passage 
30 is made uniform. Since the amount of heat transfer to the lower end 14d of 
the reforming catalyst body 14 which is lower in temperature than that of the 
embodiment 1 is increased and the amount of heat transfer to the upper end 
14u which is higher in temperature than that of the embodiment 1 is decreased, 
the temperature of reforming catalyst body 14 is made uniform with smaller 
temperature grading in the axial direction of the reforming catalyst body 14. 
Therefore, the reforming catalyst body 14 is easily set to a desired temperature 
range (e.g., 550 to 650^) and is thus effectively utilized. Thus, decrease in 
the amount of the reforming catalyst body 14 and local temperature increase in 
the reforming catalyst body 14 are inhibited. As a result, durability of the 
reforming catalyst body 14 improves. 
[0094] (Embodiment 3) 

Fig. 9 is a cross-sectional view showing an internal construction of a 
hydrogen generator according to an embodiment 3 of the present invention. 
[0095] In the embodiment 3, a configuration for improving a characteristic of 
the gas mixture containing the feed gas and the steam existing in the water 
evaporator 13 is added to the embodiment 1. A specific example is a gas 
mixing promoting means of the gas mixture, and will be described. 
[0096] As shown in Fig. 9, in a cylindrical boundary space 63 between the 
first and second tubular wall elements 11 and 12 in a boundary region between 
the upper end 13u of the water evaporator 13 and the lower end 14d of the 
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reforming catalyst body 14, a first separating plate 64 that has a single second 
gas mixture injection hole 66 and defines a boundary between the water 
evaporator 13 and the boundary space 63, a second separating plate 65 that 
divides the boundary space 63 into first and second sub-spaces 54 and 55, and 
a support element 43 that has a plurality of first gas mixture injection holes 70 
and supports the reforming catalyst body 14 are disposed in this order in the 
direction from the water evaporator 13 toward reforming catalyst body 14. 
[0097] A passage separation (passage forming portion) 61 is disposed in the 
interior of the water evaporator 13 in the vicinity of the first separating plate 
64 to form a spiral passage. A porous metal portion 62, which is a porous 
metal element constructed of a thick film (having thickness approximately as 
large as the width of the water evaporator 13) is disposed in the vicinity of the 
first separating plate 64 to extend over an entire region in the width direction 
in the interior of the water evaporator 13. While the first separating plate 64 
and the second separating plate 65 may be molded integrally with the first and 
second tubular wall elements 11 and 12, they may alternatively pressed into 
the cylindrical boundary space 63 between the first and second tubular wall 
elements 11 and 12 to form a simple separating configuration. 
[0098] As shown in Fig. 9, the first separating plate 64 is constructed of an 
annular flat plate. The second gas mixture injection hole 66 (diameter- about 
1mm) is formed at a position of the flat plate. The inner periphery of the first 
separating plate 64 is in contact with the first tubular wall element 11 and the 
outer periphery thereof is in contact with the second tubular wall element 12. 
A cylindrical region defined by the first and second tubular wall elements 11 
and 12, and the first separating plate 64 and the upper wall of the combustion 
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gas exhaust pipe 33 functions as the water evaporator 13. The shape of the 
second gas mixture injection hole 66 is not particularly limited, but may be 
other shapes such as a circle, an elongate circle, an oval and a rectangle. 
[0099] As shown in Fig. 9, the separating plate 65 is constructed of the 
annular flat plate, and is disposed in the vicinity of substantially the center in 
the axial direction of the cylindrical boundary space 63 so as to divide the 
boundary space 63 in two. The inner periphery of the second separating plate 
65 is in contact with the first tubular wall element 11 and the outer periphery 
thereof is in contact with the second tubular wall element 12. Thus, the first 
sub-space 54 is defined by the first and second tubular wall elements 11 and 12 
and the first and second separating plates 64 and 65, and the second sub-space 
55 is defined by the first and second tubular wall elements 11 and 12, the 
second separating plate 65 and the support element 43. 
[0100] Since the structure of the support element 43 is identical to that 
described in the embodiment 1 (see Fig. 7), it will not be further described in 
detail. 

[0101] Since the axial flow of the gas mixture moving from the first sub-space 

54 toward the second sub-space 55 is blocked by the second separating plate 65, 
the gas mixture is guided from the first sub-space 54 to the second sub-space 

55 through a bypass passage 56 described below. 

[0102] Fig. 10 is a perspective view of the bypass passage 56 as seen from a 
lateral side of the second tubular wall element 12. 

[0103] As shown in Figs. 9 and 10, the bypass passage 56 includes a first pipe 
57 extending radially outward from an outer peripheral surface of the second 
tubular wall element 12 so as to be connected to the interior of the first 
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sub-space 54, a second pipe 58 extending from a tip end of the first pipe 57 to 
pass through the second separating plate 65 along the axial direction of the 
second tubular wall element 12, and a third pipe 59 extending radially inward 
from an upper end of the second pipe 58 to the outer peripheral surface of the 
second tubular wall element 12 so to be connected to the second sub-space 55. 
[0104] Subsequently, an operation for guiding the gas mixture containing the 
feed gas and the steam from the interior of the water evaporator 13 to the 
reforming catalyst body 14 will be described. Since the flow operation of the 
combustion gas (see dotted line in Fig. 9) and the flow operation of the 
reformed gas (see one -dotted line in Fig. 9) are identical to those of the 
embodiment 1, they will not be further described. 

[0105] The feed gas which is fed to the feed gas inlet 40i connected to the 
material feed means (not shown) is guided to the water evaporator 13 through 
the feed gas pipe 40, while the water which is supplied to the water inlet 41i 
connected to the water supply means (not shown) is guided to the water 
evaporator 13 through the water pipe 41. The water of a predetermined 
amount is reserved in the water reservoir 38 of the water evaporator 13. The 
water receives heat from the combustion gas through the first tubular wall 
element 11 by heat exchange and is thereby evaporated into the steam. The 
steam and the feed gas are mixed in the interior of the water evaporator 13, 
and the resulting gas mixture flows upward axially of the water evaporator 13 
toward the reforming catalyst body 14. 

[0106] Since the passage separation 61 is disposed in the interior of the water 
evaporator 13, the gas mixture flows upward toward the reforming catalyst 
body 14 while moving along the passage separation 61 in the circumferential 
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direction in the interior of the water evaporator 13 in the vicinity of the first 
separating plate 64. The passage separation 61 allows a spiral passage to be 
formed in the interior of the water evaporator 13. The spiral passage causes 
the gas mixture to flow in the circumferential direction along the spiral 
passage in the interior of the water evaporator 13 so that the gas mixture 
receives the heat from the combustion gas for a longer time period. In 
addition, the passage separation 61 suppresses convection of the gas mixture 
and thus inhibits the gas mixture flowing upward to the region in the vicinity 
of the first separating plate 64 from being mixed into a gas mixture with a 
lower temperature existing below. 

[0107] The porous metal portion (gas mixture promoting means) 62 is 
disposed at a position of the water evaporator 13 (in the vicinity of the first 
separating plate 64). The gas mixture flows toward the reforming catalyst 
body 14 through pores of the porous metal portion 62. The porous metal 
portion 62 promotes mixing of the feed gas and the steam while the gas 
mixture flows through the pores of the porous metal portion 62. Further, the 
pores of the porous metal portion 62 increases a surface area for transferring 
heat to the gas mixture flowing therethrough. As a result, heat conductivity 
from the combustion gas to the gas mixture improves, thus increasing the 
temperature of the gas mixture. 

[0108] Thereafter, the gas mixture is caused to gather to the second gas 
mixture injection hole 66 (gas mixing promoting means) by the first annular 
separating plate 64, and flows into the first sub-space 54 through the second 
gas mixture injection hole 66. In this manner, when the feed gas and the 
steam flow from the interior of the water evaporator 13 into the first sub-space 
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54, they are caused to gather at one spot corresponding to the second gas 
mixture hole 66, thus promoting mixing of these gases. 

[0109] Then, the gas mixture flows radially outward from the first sub-space 
54 through the interior of the first pipe 57. Then, the gas changes its 
direction about 90 degrees to flow axially in the interior of the second pipe 58 
and passes through the second separating plate 65. Then, the gas mixture 
changes its direction about 90 degrees again to flow radially inward (toward 
the center of the second sub-space 55) in the interior of the third pipe 59 and 
into the second sub-space 55. By injecting the gas mixture at a predetermined 
flow rate toward the center of the second sub-space 55, the gas mixture is 
uniformly supplied over the entire region in the circumferential direction of the 
second-sub-space 55. 

[0110] Thereafter, the gas mixture flows from the second sub-space 55 
uniformly in the circumferential direction to the reforming catalyst body 14 
through the plurality of first gas mixture injection holes 70 arranged in the 
circumferential direction of the support element 43 and the annular gap 60 
formed between the support element 43 and the first tubular wall element 11. 
In the interior of the reforming catalyst body 14, the gas mixture is converted 
into the reformed gas, which is guided to downstream side through the path 
described in the embodiment 1. 

[0111] As indicated by an arrow of Fig. 10, as described above, the gas 
mixture is guided from the first sub-space 54 to the second sub-space 55 
through the bypass passage (gas mixture promoting means) 56 in substantially 
U-shape that opens leftward so as to pass through the second separating plate 
65. 
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[0112] In this case, the gas mixture in the first sub-space 54 is caused to 
gather into the bypass passage 56 (first, second, and third pipes 57, 58, and 59), 
and thus mixing of the gas mixture is promoted. In addition, since the gas 
mixture flowing in the bypass passage 56 changes its direction approximately 
90 degrees, the flow is disordered. As a result, mixing of the gas mixture is 
further promoted. 
[0113] (Embodiment 4) 

Subsequently, a construction and operation of a fuel cell system 
comprising a fuel cell configured to generate power using the reformed gas 
containing hydrogen which is supplied from the hydrogen generator 10 will be 
described as an example of the hydrogen generator 10 described in the 
embodiment 1 (Fig. l), the embodiment 2 (Fig. 8), and the embodiment 3 (Fig. 
9). 

[0114] Fig. 11 is a block diagram schematically showing a construction of the 
fuel cell system according to an embodiment 4 of the present invention. 
[0115] A fuel cell system 100 comprises the hydrogen generator 10, and a fuel 
cell configured to generate power using the reformed gas containing hydrogen 
which is supplied from the hydrogen generator 10. 

[0116] Since the configurations of the water evaporator 13, the reforming 
catalyst body 14, and the burner 15 of the hydrogen generator 10 are identical 
to those of the embodiments 1 to 3, they will not be further described. 
[0117] Since the reformed gas that has just flowed from the reforming 
catalyst body 14 of the hydrogen generator 10 contains carbon monoxide 
(hereinafter referred to as CO gas) as side-reaction product, the CO poisons the 
catalyst of the fuel cell 80, causing degradation of power generation capability 
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of the fuel cell 80 if the reformed gas containing the CO gas is directly supplied 
to an anode 80a of the fuel cell 80. For this reason, a shift converter 83 and a 
purifier 84 are internally provided in the hydrogen generator 10 to reduce the 
concentration of the CO in the reformed gas flowing out from the reforming 
catalyst body 14 before the reformed gas is supplied to the fuel cell 80. More 
specifically, in the shift converter 83, the CO in the reformed gas sent from the 
reforming catalyst body 14 is converted into carbon dioxide through a shift 
reaction using the steam. Thereby, the concentration of the CO in the 
reformed gas is reduced to approximately 0.5%. In the purifier 84, the CO in 
the reformed gas sent from the shift converter 83 is converted into carbon 
dioxide through selective oxidation using oxygen. As a result, the 
concentration of the CO in the reformed gas is further reduced to 
approximately lOppm or less. 

[0118] As shown in Fig. 11, the reformed gas containing hydrogen flows out 
from the purifier 84 and is supplied to the anode 80a of the fuel cell 80 through 
the reformed gas exhaust pipe 48 (see Figs. 1, 8 and 9), while air is supplied 
from an air supply device 81 (blower) to a cathode 80c of the fuel cell 80 
through a cathode air pipe 82. 

[0119] In the interior of the fuel cell 80, power generation operation is carried 
out using the reformed gas (hydrogen) supplied to the anode 80a and the air 
(oxygen) supplied to the cathode 80c to generate predetermined power. 
[0120] A reformed gas (hydrogen: off gas) that has not been consumed in the 
anode 80a of the fuel cell 80 may be guided to the burner 15 through an off gas 
pipe 85 connected to the fuel gas pipe 17 (see Figs. 1, 8, and 9), and used as the 
fuel gas for the burner 15, after water has been removed from the reformed gas 
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by appropriate water removing means. 

[0121] In accordance with this embodiment, the fuel cell system 100 improves 
durability with respect to the heat cycle and achieves low cost by simplifying 
the construction of the gas passage of the hydrogen generator 10. 
[0122] During a low-load operation of the fuel cell system 100, typically, the 
combustion amount of the burner 15 in the hydrogen generator 10 is less, and 
combustion of the burner 15 is susceptible to external disturbance such as 
strong wind. For this reason, by applying the hydrogen generator 10 that 
employs the downward flame emission (see Fig. 8) of the burner 15 to the fuel 
cell system 100, stability of combustion of the burner 15 which is achieved by 
the downward flame emission of the burner 15 described in the embodiment 2 
improves noticeably. 
Industrial Applicability 

[0123] A hydrogen generator of the present invention improves durability 
with respect to the heat cycle and achieves low cost by simplifying the 
construction of the gas passage, and is thus applicable to fuel cell systems for 
household uses or other systems that carries out DSS operation. 



